Background: Coeliac disease (CD) is an autoimmune disease often characterised by malnutrition and linked to a number of complications such as an increased risk of lymphoma, adverse pregnancy outcome, and other autoimmune diseases. Tuberculosis (TB) affects a large proportion of the world population and is more common in individuals with malnutrition. We investigated the risk of TB in 14 335 individuals with CD and 69 888 matched reference individuals in a general population based cohort study. Methods: Cox proportional hazards method was used to calculate the risk of subsequent TB in individuals with CD. In a separate analysis, the risk of CD in individuals with prior TB was calculated using conditional logistic regression. Results: CD was associated with an increased risk of subsequent TB (hazard ratio (HR) 3.74, 95% CI 2.14 to 6.53; p,0.001). Similar risk estimates were seen when the population was stratified for sex and age at CD diagnosis. Individuals with CD were also at increased risk of TB diagnosed in departments of pulmonary medicine, infectious diseases, paediatrics, or thoracic medicine (HR 4.76, 95% CI 2.23 to 10.16; p,0.001). The odds ratio for CD in individuals with prior TB was 2.50 (95% CI 1.75 to 3.55; p,0.001). Conclusions: CD is associated with TB. This may be due to malabsorption and lack of vitamin D in persons with CD. Individuals with TB and gastrointestinal symptoms should be investigated for CD.
I
n coeliac disease (CD) there is chronic inflammation of the small intestine caused by a specific immune response to normally tolerated gluten proteins in wheat, barley, and rye. 1 The disease has a wide spectrum of clinical manifestations including chronic diarrhoea, abdominal distension and symptoms of intestinal malabsorption, but it can also be asymptomatic. 2 CD has been linked to a number of complications including malignancy, 3 autoimmune disorders, 4 and adverse pregnancy outcome. 5 CD is a common condition in the white ethnic population with a prevalence estimated at 0.5-1%. 6 Treatment consists of lifelong exclusion of gluten from the diet. Genetics play an important role in CD, with a 75% concordance rate between monozygotic twins. 1 There is a very strong linkage to specific human leukocyte antigen (HLA) class II alleles, with approximately 95% of patients with CD being positive for HLA-DQ2 (DQA1*05/DQB1*02). 7 This particular HLA-DQ molecule associated with this genotype is responsible for presenting gluten peptides to T cells, thus activating gluten-specific CD4+ T cells. 8 An important factor in the pathogenesis is the intestinal enzyme tissue transglutaminase (tTG) which, by deamidating gluten peptides, enhances their binding to DQ molecules and thereby makes them more potent as T cell stimulators, 9 and also serves as an autoantigen itself. The detection of anti-tTG antibodies is a highly specific diagnostic test for CD. 10 By secreting inflammatory cytokines, the activated T cells drive the inflammatory response and provide help for B cells making anti-gliadin antibodies.
About one third of the world population is infected with Mycobacterium tuberculosis, but active tuberculosis (TB) occurs in only 5-10% of exposed individuals. 11 The disease may occur in any part of the body, but most commonly it is a pulmonary infection. Manifestations of infection range from only a mild infiltration to disease that can be severely destructive, the balance between host defence and bacteria determining the outcome. Following phagocytosis of the mycobacteria by antigen presenting cells such as alveolar macrophages, T cells of the cell mediated immune response are activated to induce the formation of granulomas (accumulations of macrophages, T cells, and multinucleated giant cells) which serve to isolate bacteria that cannot be eliminated. 12 The mycobacteria may be contained in the granuloma, persisting indefinitely as a latent infection, but may also be reactivated later, multiply, and discharged into the airways. T cells of the Th1 type are particularly important in protecting against M tuberculosis infection because they secrete interferon (IFN)-c which enables macrophages to destroy engulfed pathogens more efficiently and to induce granuloma formation. 13 The first link between CD and TB was suggested by Williams in 1952. 14 This has since been followed by a number of reports suggesting an association between CD and TB. [15] [16] [17] [18] [19] In a British study, six of 76 adult patients with CD reported a history of TB and a further seven had radiological evidence of past TB. 18 An additional complication is that TB patients with CD mediated malabsorption may be at risk of resistance to TB drugs because of insufficient uptake of medicine. 20 In the western world CD affects up to 1% of all individuals (more in high risk groups), 6 while more than 14 000 new cases of TB were reported to the Centre for Disease Control in the US in 2004. 21 Despite this, most research on CD and TB is limited to small series of case studies. The evidence of an association between CD and TB is therefore inconclusive. By linking data from the Swedish national registers, we investigated the risk of TB in a population cohort of some 14 000 patients with CD and 70 000 age and sex matched controls, and evaluated the risk of CD in individuals with prior TB.
METHODS
The Swedish National Board of Health identified all individuals with a hospital discharge diagnosis of CD between 1964 and 2003 through the Swedish National Inpatient Register (IPR). The IPR contains individual based data from hospital based discharge diagnoses in selected parts of Sweden since 1964 and has covered all of Sweden since 1987. Every record in the IPR can be identified through a personal identity number, which is a unique number assigned to more than 99.9% of all Swedish residents and immigrants. The IPR was then used to identify individuals with TB among the study participants. TB was defined according to the following ICD codes: ICD-7: 001-019; ICD-8: 010-019; ICD-9: 010-018; ICD-10: A15-A19. The various codes represent different forms of M tuberculosis infection (for example, ICD-9: 010 is primary TB; 011 is lung TB; 012 is other forms of TB in the lungs including pleural TB; 013 is TB in the central nervous system, 014 is TB in the abdomen, 015 is TB in the skeleton or joints; 016 is urogenital TB; 017 is TB in other organs including the skin; and 018 is military TB). We specifically recorded individuals with gastrointestinal TB (any of the following ICD codes: ICD-7: 011; ICD-8: 014; ICD-9: 014; ICD-10: A18.3).
We also identified individuals with a hospital discharge diagnosis of sarcoidosis during the 3 year period after the first recorded diagnosis of TB. A diagnosis of sarcoidosis shortly after a TB diagnosis may signal misclassification and a false positive TB diagnosis. Sarcoidosis was defined according to the following ICD codes in the years 1964-2003: ICD-7: 138.00-138.10; ICD-8: 135; ICD-9: 135; ICD-10: D86.
Exclusion criteria
The Swedish National Board of Health identified 15 533 individuals with CD. Ninety four were excluded because of data irregularities such as death recorded before the first diagnosis of CD. One of the excluded individuals also had a diagnosis of TB. In order to minimise the risk of detection bias, 50 individuals were excluded because TB was diagnosed before study entry and a further 13 were excluded because TB was diagnosed within the first year after the initial CD diagnosis. A further 1040 individuals were excluded because they were followed for less than 1 year, and one individual was excluded because of probable misclassification (the hospital discharge diagnosis consisted partly of a TB ICD code and partly of another ICD code). Similar exclusion criteria were applied to reference individuals. The analyses of the current study were therefore based on 14 335 individuals with CD and 69 888 reference individuals who had never had CD. Both cohorts were free of TB at the start of the follow up period. Their characteristics are shown in table 1.
One individual with TB had received a diagnosis of sarcoidosis during the 3 year period after the first recorded TB diagnosis. All three individuals with a diagnosis of TB where gastrointestinal TB had been recorded as the first recorded TB diagnosis were among those excluded for other reasons. The analyses therefore do not include any individual initially diagnosed with gastrointestinal TB.
A separate analysis of the risk of CD in individuals with prior TB consisted of 15 398 individuals with a later diagnosis of CD and 76 857 reference individuals without a later diagnosis of CD.
Socioeconomic index (SEI)
Socioeconomic data were available for a subset of 45 471 individuals (table 1) based on classification of occupation from 1968 into three categories where category I denotes a high SEI. 24 About 6500 of these were children, and they were assigned a socioeconomic code on the basis of the occupation of their mother because divorce is not uncommon in Sweden and children then tend to live with their mothers.
Statistical methods and analyses
Cox regression was used to calculate hazard ratios (HRs) for subsequent TB in individuals with CD. The follow up time started 1 year after study entry (date of first recorded diagnosis of CD and corresponding date in reference individuals) and ended on the date of first discharge diagnosis of TB, date of emigration, death, or the end of the study period (31 December 2003) , whichever came first.
The Cox model was internally stratified for age, sex, calendar year, and county, therefore resembling a conditional logistic regression as each individual with CD was only compared with his/her matched reference controls. This also means that a different baseline hazard function for the risk in the reference group is presumed for each stratum. This is necessary as the follow up begins at different ages/periods for the patients with CD and the matched comparison population, for whom the follow up begins at the same age/period as the patient with CD in their risk set.
In a separate analysis we stratified for age at first recorded diagnosis of CD ((15 v >16 years) and sex. In order to increase the specificity of the diagnosis of TB, we specifically looked at individuals who had (1) received their first TB diagnosis in a department of pulmonary medicine, infectious diseases, paediatrics or thoracic medicine; (2) TB listed as the main/first diagnosis (rather than a secondary diagnosis); or (3) no diagnosis of sarcoidosis within 3 years of the first diagnosis of TB. Statistical significance was defined as 95% confidence intervals for HRs not including 1.00. Conditional logistic regression estimated the risk of CD (the dependent variable) in individuals with prior TB. This analysis was performed in order to see whether or not the association between CD and TB was independent of sequence-that is, if there was only an association with TB after a diagnosis of CD and not before such diagnosis. The end of the follow up period was defined as the date of first diagnosis of CD and the same date for the matched controls without CD. Those with 1 year or less between the date of the first TB diagnosis and CD diagnosis and the corresponding date in controls were excluded. Risk estimates are given as odds ratios (OR). Statistics were calculated using SPSS 11.0 (Chicago, IL, USA).
Study power
The study had an 80% power to detect a 2.5-fold increased risk of TB in men and a 2.5-fold increased risk of TB in women. Overall, the study had an 80% power to detect a 2.0-fold risk increase for TB at a 5% significance level; this corresponds to 13 cases of subsequent TB among individuals with CD (some 14 000) compared with 35 cases among the referents (some 70 000).
Ethics
This study was approved by the Research Ethics Committee of the Karolinska Institutet. None of the participants was contacted. Patient information was anonymised prior to the analyses.
RESULTS
The median age at study entry was 3 years in both individuals with CD and those who had never had a diagnosis of CD (range 0-94 years). About 5000 individuals with CD had been diagnosed in adulthood. Most of the study participants were female (table 1). The median age at the first recorded diagnosis of TB was 66.5 years (range 1-87) in individuals with prior CD. The median time between the first CD diagnosis and the first recorded TB diagnosis was 6.5 years (range .
Among the 15 438 individuals with CD (all individuals with CD except those with data irregularities) there were 87 cases of TB before or after study entry (0.56%) compared with 146/ 76908 (0.19%) in the cohort without CD. This is equivalent to a ratio of 1:527 in the general population.
CD and subsequent TB TB was more common among patients with CD (HR 3.74, 95% CI 2.14 to 6.53; p,0.001, table 2). The increased risk was seen in both men and women ( 
DISCUSSION
The risk of TB in patients with CD was increased 3-4-fold and was also seen when stratified for age and sex. Our study confirms the results of the case-control study by Williams et al 18 in 1988 and is consistent with the findings of a recent study by a US/Swedish research team. 19 Unlike the latter study which showed a sixfold increase in death from TB among individuals with CD, the current study is not limited to deaths but is based on data from incident cases of TB. Williams et al found a history of TB in six of 76 individuals with CD. 18 One of these patients had received a diagnosis of CD simultaneously with a diagnosis of TB, and in four patients the diagnosis of TB had preceded that of CD. In contrast, we chose to focus on the risk of future TB in a cohort of individuals with diagnosed CD, although we also looked at the risk of CD in individuals with prior TB.
We excluded the first year after study entry in order to minimise the risk of detection bias. In contrast to the study by Williams et al, 18 we used a matched approach where each individual with CD was only compared with his/her reference individuals. This means that important potential confounding factors such as age, sex, calendar year, and geographical location within Sweden have little effect on our risk estimates. In our study there was a statistically significant increase in the Estimates derived from Cox regression internally stratified for sex, age, year of study entry, and county. The HR for TB is increased for individuals with CD diagnosed during childhood although the number of events is low (five individuals with subsequent TB). This is so since each individual with a diagnosis of CD in childhood is compared only with his/her five matched reference individuals, also children at study entry.
risk of TB among both men and women, and in individuals diagnosed with CD in either childhood or adulthood. In contrast to earlier research, 16-18 25 our study also has the advantage of a very large sample of exposed individuals and some 60 individuals with a later diagnosis of TB. We used national register data of more than 14 000 individuals with CD and some 70 000 reference individuals. Our population based approach and the public healthcare system in Sweden minimise the risk of biased ascertainment due to socioeconomic inequalities. Although TB is strongly linked to socioeconomic factors, 26 these factors do not appear to be of importance to a diagnosis of CD. 27 Socioeconomic data were lacking for a number of individuals; however, such data were available for more than 8800 individuals with CD. Adjustment for SEI did not affect the risk estimate; this is important because SEI among Swedes is strongly linked to smoking habits. 28 Smoking has repeatedly been shown to increase the risk of TB 29 and also to influence the progress and care seeking behaviour at hospital. 30 The IPR does not contain any smoking data so we could not adjust for smoking. However, smoking is unlikely to induce a positive association between CD and TB because it has, if any, 31 a negative 32 effect on CD but a positive effect on the risk of TB. This is not consistent with our findings of a positive association between CD and TB, but we cannot rule out the possibility that inclusion of smoking in our statistical models could have influenced the HRs. We also cannot exclude the possibility that our study suffers from ascertainment bias. Some individuals with gastrointestinal TB may have been screened for CD and only later received a diagnosis of TB. However, none of the individuals with TB in the prospective study (risk of TB in individuals with CD) had received a diagnosis indicating gastrointestinal TB.
One strength of the current register study is the high specificity of chronic diseases in the IPR, including CD 33 and TB. 34 The high specificity of CD partly stems from the well established practice in Sweden of performing a small bowel biopsy before confirming a diagnosis of CD. The Swedish IPR has previously also been used to identify cases of TB. 34 In TB, diagnosis may involve a tuberculin skin test and can be confirmed by radiography and sputum examination. The IPR does not contain any data on the investigations carried out in conjunction with a certain diagnosis, nor does it contain any physical data such as body weight or body mass index. As individual identities are customarily removed from datasets delivered by the Swedish National Board of Health and Welfare before access by researchers, we were unable to verify the diagnoses of TB in this study against other sources of information. However, in a smaller Swedish study on tumour necrosis factor antagonists and risk of TB, all hospitalised TB cases (which occurred in the IPR) reflected true TB. 34 We increased the specificity of our outcome measure by restricting TB cases to those diagnosed in departments that often handle cases of suspected TB. This yielded an HR of 4.76. Although there is a risk of misclassification of TB, this should not be a major concern in the current study. Only when misclassification is differential by nature will it affect risk ratios more than marginally. Differential misclassification of CD status is unlikely.
There is a risk that not all individuals with CD or TB are identified using a hospital based approach. Not all patients with TB are cared for as inpatients, and we do not claim to have complete ascertainment of cases in Sweden from 1964 to 2003. However, admission to hospital for TB may be more common in Sweden than, for example, in the US. 34 In the study by Askling et al, 34 12 of 15 patients with TB identified from a source other than the IPR had at some stage been admitted to hospital because of their TB. Such hospital admissions may be for clinical investigation of symptoms and findings such as unexplained inflammation, fever and cough, but may also occur in conjunction with diagnostic procedures such as bronchoscopy. Comparative European data show that the incidence of TB in Sweden in 1998 was lower than in any of the other countries with which it was compared-for example, the incidence in Denmark and Finland was 10-12/100 000, in England and Wales 10-11/100 000, and in Germany 12-13/ 100 000. 35 The lower incidence of TB and a relatively early decline in TB compared with other European countries may explain the small number of cases of TB in our study.
Since CD is not linked to the SEI, exposure to CD is unlikely to influence care seeking behaviour. However, since CD may differ between ethnic groups, we cannot exclude the possibility that ethnicity may have influenced our results. Although sensitivity may be an issue in this study, the numbers and the statistical power are large. It is important to note that the Swedish IPR also identifies individuals with CD when CD is listed as a secondary diagnosis and the main reason for hospitalisation is for a disease other than CD. Considering that the largest Swedish screening study for CD to date found a prevalence of diagnosed CD in adulthood slightly above 1/ 1000, 36 and that the Swedish population is nine million people, we assume that a large proportion of individuals with CD have been identified in this study. It is common for individuals (especially children) to be admitted to hospital while first undergoing small bowel biopsy and then to be transferred to an outpatient setting. The frequent hospitalisation of children for small bowel biopsy partly explains the low median age at diagnosis of CD in the current study. The median age in our cohort is consistent with data from another large Swedish study of CD. 37 False negative patients with CD are unlikely to influence the HRs in this study since they are outnumbered by healthy reference individuals.
There may be several explanations for the association between CD and TB. As a result of malabsorption of vitamin D and calcium in patients with CD, 38 osteomalacia or osteopenia may occur. 39 This mechanism may operate both before making a diagnosis of CD (when there is intense mucosal inflammation) and after such diagnosis. Individuals with a diagnosis of CD often have persistent low grade inflammation with affected vitamin status 40 many years after the introduction of a glutenfree diet. 41 In addition, the gluten-free diet and products are often low in vitamin D, 42 increasing the risk of vitamin D deficiency in patients with CD. Because of its capacity to activate macrophages, vitamin D is important for generating an accurate immune response against TB. Vitamin D has been shown to induce the synthesis of nitric oxide in macrophages, thus acting to suppress the growth of M tuberculosis in these cells. 43 Furthermore, vitamin D augments the effect of IFNc in promoting the granulomatous process and promotes the differentiation of monocytes into epitheloid cells and multinucleated giant cells which form prominent parts of granulomas. 44 Low levels of serum vitamin D have been found in patients with active TB. 45 Furthermore, an association has been reported between genetic variants of the vitamin D receptor and TB infection. 46 We therefore hypothesise that malnutrition in CD leads to malabsorption of a number of nutrients including vitamin D which increases the risk of TB infection. This underlines the importance of evaluating vitamin D status in patients with CD.
The strongest genetic links to CD are found within the MHC locus with the well established correlation to HLA-DQ2 (DQA1*05/DQB1*02). 7 Associations between TB and various HLA alleles have been documented, although they are not as strong as in CD. 13 To our knowledge, no other strong genetic associations common to CD and TB have been reported. From a genetic standpoint, it is of interest that HLA-DQ2 in northern Europeans is often part of the so-called ancestral haplotype 8.1. 47 This haplotype contains a number of genes including specific alleles of HLA class I and class II molecules, as well as genes for TNFa and complement factors C2 and C4. Since the C2 molecule, which is polymorphic, is important in the mycobacterial invasion of macrophages, it is possible that a particular C2 allele could promote TB infection in a subgroup of patients.
In some respects the mechanisms of cell mediated immune responses in CD and TB seem to be quite different. In CD the gluten-specific CD4+ T cells driving the pathology are of the Th1 type. 48 In contrast, a robust Th1 response is needed for protection against M tuberculosis infection and rare genetic defects in the Th1 cytokine pathway (IL-12/IL-23 and IFNc) increase the susceptibility to TB infection. 13 Studies of cytokine levels in TB have given divergent results, but some studies have shown an increased Th2 profile. 11 A polymorphism in the gene for TNFa has been found to have opposite associations with CD and TB, since the TNF-308A allele (promoting a high TNFa production) is a susceptibility factor for CD 49 and autoimmune disease but a protective factor against TB. 50 In conclusion, this study shows that CD is associated with an increased risk of TB. In countries where TB is uncommon, an increase in the relative risk of 3-4 translates into a rather small absolute increase. We hypothesise that the malnutrition associated with CD, particularly vitamin D deficiency, could play an important part in the increased risk of TB. As Peters et al 19 found a sixfold increase in the risk of death from TB in individuals with CD and we have reported a 3-4-fold increase in the risk of developing TB, we cannot exclude the possibility that CD may also be a complicating factor in existing cases of TB and may increase the severity of the disease.
